This study is based on data a cohort of Swiss firms that were founded in 1996/97. In the year 2000 data were collected by means of a postal survey among those firms, which still existed by that time. In 2003 and 2006 two further surveys were conducted among the participants of the respective last study. In this study we analyzed, firstly, the determinants of the propensity to train apprentices of new firms and how they change with increasing firm age. Secondly, we investigated how a firm's training propensity correlated with its labour productivity. To this end, we specified an equation for training propensity and an equation for labour productivity, which included as an additional production factor the endogenized propensity to train apprentices.
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Introduction
Many economists think that new firms are an important source of new business practices and new technology. Such innovative behaviour is closely related to a high rate of human capital formation. The dual system of vocational education is an important pillar of the Swiss education system and an important source of human capital for the Swiss economy. Thus, it is also relevant to know how new firms behave with respect to the specific type of human formation that is based on vocational education. Are newly-founded firms interested in investing in the training of apprentices and, if so, is this training propensity increasing or decreasing with firm age? So far, the training behaviour of new firms is not much analyzed.
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In this study we analyze, firstly, the determinants of training propensity and how they change with increasing firm age for a cohort of Swiss firms that were founded in 1996/97. Secondly, we investigate how a firm's training propensity correlates with its labour productivity.
The data used in this study come from the cohort of Swiss enterprises, which were founded between 1996 and 1997. This was the first cohort of start-ups that was registered by the Swiss Federal Statistical Office. This cohort contained only "green-field" start-ups without mergers, manager-takeovers, etc.
Our model of training propensity distinguishes five main groups of determinants: (a) variables measuring the endowment of a new firm with human capital (skill mix of the employees as measured by formal education, further training, shortage of high-qualified personnel); (b) variables measuring the level of innovative and technological activities: development and introduction of new products, modification of existing products, R&D activities; intensity of use of internet and intranet; (c) variables measuring the level and / or change of the level of total firm activity: growth of sales; growth of employment; expected future development of demand; break-even point of profits; (d) variables measuring competitive pressure: intensity of price and non-price competition; export propensity; and (e) variables measuring some characteristics of the firm founders (age, gender); firm size was a separate additional determining factor. Finally, controls for industry affiliation and region were also included in the model.
New elements of the analysis are: (a) the use of the data for a cohort of new firms that were observed during a period of ten years; (b) the wide spectrum of determinants that could be taken into account in the model specification, and (c) the investigation of possible effects of the training propensity on labour productivity of newly-founded firms.
The paper is organized as follows. Section 2 discusses the conceptual framework of the study.
In section 3 the data are presented. Section 4 contains a description of the main facts with respect to the training propensity of new firms in our sample. In section 5 and in section 6 we 3 present the specification of the training propensity equation and the labour productivity equation respectively. The results of the econometric estimations are presented in section 7.
Section 8 contains a comparison with results of similar studies. Finally, section 9 concludes with a summary of the main results.
Incentives and disincentives related to the decision to train apprentices
Starting point of our conceptual framework is the human capital approach introduced by Becker (1964) according to which the acquisition of vocational education can be considered as an investment in human capital that enables the capital owner to achieve a higher individual performance in the future, e.g. higher productivity. Both employees and employers can have incentives for such investment, if the difference of the expected benefits (e.g., productivity gains for the enterprises, labour income increases for the employees) and the expected costs (e.g., training costs) is positive. We concentrate here on firms' incentives and motives to invest in human capital by offering training, especially training for apprenticeships. 2 Vocational training contains general skills that satisfy the firms' requirements at industry, sector or even country, but also a portion of firm-specific skills that are not transferable to other firms (or are transferable at a high cost). According to the original human capital approach, employers have an interest to pay only for an investment in firmspecific skills but not for general skills that have to be financed either by the employees or the state. However, in practice we can observe that firms bear a significant fraction of the costs of training, even if this training contains general skills. The investment hypothesis has been further elaborated and refined by Acemoglu and Pischke (1998, 1999) . According to this new approach, it can be more profitable for a firm to use skilled employees that have been trained by the firm than unskilled employees, even if the training is not firm-specific. The main reason for this conclusion is the existence of labour markets imperfections due to asymmetric information with respect to the productivity of external employees, search costs, labour market institution such as unions and minimum wages, etc. 3 Put in a more abstract way, the main argument should be that the expected benefits and costs of training for a firm are primarily determined by all factors that influence the future demand for skilled labour. 4 We hypothesize that a series of factors that could influence positively the expected demand for skilled labour would be also important for a firm's decision to train apprentices. In accordance with literature, we identify a series of such factors that we comprise in four groups 4 (see, e.g., Franz et al. 2000 and Niederalt 2004 for a similar approach): human resources;
innovation and technology; firm activity level; and market conditions.
Human resources. A firm's demand for apprentices depends among other things on the demand for employees with different levels of vocational education. The relationship between the demand for apprentices and the demand for other categories could be substitutive or complementary. We expect a complementary relationship between apprentices and middleeducated employees (upper secondary education level; 'Berufslehre') and a substitutive relationship between apprentices and low-educated employees (vocational education without a formal degree; no vocational education). It is more difficult to disentangle the relationship of apprentices to high-qualified employees (tertiary-level education). Given that middleeducated and high-educated are mostly positively correlated, we expect a positive relationship of apprentices to high-qualified employees.
Innovation and technology.
There is long-term empirical evidence that both the number and the employment share of high-skilled (or high-educated) workers have grown over time in many OECD countries. While many factors have contributed to this increase most authors think that this effect is attributable primarily to skill-based technical change. One of the most popular explanations which have been offered by the economic literature is based on the socalled "skill-biased technological change" hypothesis, according to which the reason for the up-skilling of labour force is the non-neutrality of technological change, which favours the use of skilled labour more than the use of other labour inputs. Due to the complementarity of skills (education) and technology, an acceleration of the rate of technological change would cause an increase of the demand for skilled labour. 5 The reason for the most recent acceleration of technological change is assumed to be the diffusion of Information and Communication Technologies (ICT) which seem to have given new impetus to the substitution process of low-skilled by high-skilled employees (see Bresnahan et al. 2002) .
Empirical evidence for Switzerland shows that technological changes (e.g., the use of ICT)
shift skill requirements in favour of high-qualified (tertiary-level education) employees and appear to be neutral with respect to middle-educated employees (upper secondary education level; 'Berufslehre'), which is the most numerous category of employees in the Swiss economy (see Arvanitis 2005) . The demand for apprentices is closely related to the demand for middle-educated employees, therefore the expected effect of innovation and technology on the training propensity of Swiss firms is not a priori clear.
Firm activity level.
The demand for any category of employees is dependent on the expected level of firm activity as measured, e.g., by the expected product demand or by sales. The extent of this dependence is related to the relative importance of a certain category of 5 employees in a firm's skill mix. In general, we expect positive effects of the variables measuring firm activity.
Market conditions. In a recent paper Gersbach and Schmutzler (2006) postulate and derive theoretically two hypotheses about the market conditions under which industry-specific training is likely to occur: (a) concentration is high or competitive intensity is low, and (b) product differentiation is sufficiently strong. We consider the intensity of price competition (as measured in this study; see table 5) as a proxy for 'competitive intensity' in the above theoretical context and the intensity of non-price competition (as measured in this study; see Competitive pressure could enhance a firm's performance both in terms of productivity and product quality as well as its innovativeness and the pace of technological change ("free competition effect"; see, e.g., Geroski 1995) . Contrary to this positive competition effect, the older literature assumed that intensive competition could hamper innovation activity ("Schumpeterian effect"). In the game-theoretic literature the impact of market structure (as a proxy for product market competition) upon the schedule of innovation is shown to depend critically on the difference of profit rates preceding and following the innovation (see, e.g., Reinganum 1981) . This dependence being quite complicated, most studies do not come to theoretical unambiguous results with respect to the effects of market concentration on innovation. Recently, Aghion et al. (2005) developed a model that predicts an inverted-U relationship between product market competition and innovation. The authors found strong evidence for this model using U.K. panel data. There is also some evidence for Switzerland for a positive correlation between the intensity of non-price competition and innovation (see Arvanitis and von Arx 2004) .
Given the ambiguity of the effect of market concentration on innovation and via innovation on the demand for qualified personnel as well as hypothesis (a) of Gersbach and Schmutzler, we would expect an insignificant (or even a negative) effect of intense price competition on the training propensity. On the other hand, we expect that intensive non-price competition would positively influence not only innovation but also directly the propensity to train apprentices according to hypothesis (b) of Gersbach and Schmutzler.
What about expected costs? Costs (e.g., training costs, recruitment costs, and learning by doing of newly-hired employees) depend mostly on the requirements of technology used, the labour market situation, and the existing institutional framework with respect to training of apprentices. We expect a large portion of these costs to be industry-specific, sector-specific or even region-specific. For example, in the Swiss apprenticeship system duration of training, formal requirements for trainers, performance requirements for apprentices, and (partly) 6 apprentices' wages are determined either by the state and/or the employers' associations at industry or sector level.
Further, we expect that the propensity to train apprentices would increase with increasing firm size. Larger firms have more resources than small ones, thus a larger potential for investing in education and vocational training. Moreover, if economies of scale exist, e.g., with respect to the facilities of vocational education, larger firms would have a comparative advantage vis-à-vis smaller ones, e.g., regarding training costs.
We are especially interested for the training propensity in the context of newly-founded firms.
A general characteristic of an average young firm that distinguishes it from the average established firm is the considerably smaller size of the young enterprise. Thus, young firms would be expected to have generally a lower training propensity than established firms. This also means that young firms that grow older would show a higher training propensity than at the founding time or at an earlier phase of their development. In case of young firms some individual characteristics of the firm founders, a factor that does not play any role more in established firms, could also be relevant for the propensity to train apprentices; e.g., the professional experience and the vocational education of the founders could have a positive or negative influence on training propensity, dependent on the affinity of these persons to this type of vocational education.
Description of the Data

Construction of the data set
The data used in this study come from the cohort of Swiss enterprises, which were founded between 1996 and 1997. This is the first cohort of start-ups that was registered by the Swiss To substitute for missing values in the variables due to item non-response, we used the multiple imputations technique by Rubin (1987) . The estimations were based on the mean of five imputed values for every missing value of a certain variable (see Donzé (2001) for a detailed report on the procedure used). For some variables such imputations were not possible, therefore not all data could be used in the econometric estimations.
Characteristics and development of the start-ups 1996/1997-2006
Most of the start-ups in the data set are firms in the service sector (see The observed start-ups are for the most part small firms. In each survey more than 70% of the enterprises had employed less than five employees (measured in full-time equivalents). The average firm size has only slightly increased from one period to the next one.
In the year 2000 about 32% of the firms had 100% or more employees than they had in the beginning ( 6.9% in 2000; 9.1% in 2003; 12.4% in 2006) . The propensity to do vocational training seems to be strongly sector-specific. In particular, the results for the service sector that represent the largest part of our observations show that the most dynamic sub-sector of the economy, the knowledge-based services, contribute only weakly to the training of apprentices. On the whole, new firms in less innovative industries tend to have more apprentices than new firms in innovative industries.
As expected, we find that the share of apprentices is generally positively correlated with the firm size (table 2) . A more detailed analysis of the quantitative relationship between training propensity and firm size showed that the propensity increases with firm size but at a decreasing rate. This is a hint that there are no scale effects with respect to training propensity, at least for the limited range of firm size of new firms in our sample.
A comparison with data for similar size classes of the total firm population (see Müller and Schweri 2006, p. 39) The geographical region in which firms are located has little effect on the training propensity (table 3) . The percentages of enterprises having apprentices do not vary much among most regions regions. The training propensity in the Lac Léman region tended to be above-average, while it was mostly below-average in Zurich.
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Specification of a model of the determinants of training propensity
We used the binary variable 'a firm has apprentices yes/no' (TRP) as dependent variable. As already mentioned, the informative value of the average employment share of apprentices is limited. A further problem is that due to the small share of firms having apprentices the number of observations for the analysis of training intensity would become too low for econometric estimations. Therefore, we refrained from using training intensity as a further dependent variable.
In section 2 we discussed potential determinants of apprentice training that could be classified in five groups. In this section we specify the variables in every of these groups (see table 4 for details).
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Human resources. We used four dummy variables for the following four categories of employees with different education level: employees with university education yes/no (QUAL_4); employees with other tertiary-level education (including graduates of universities of applied sciences) (QUAL_3); employees with upper secondary education ('Berufslehre') (QUAL_2); and employees (with vocational education without a formal degree; no vocational education) (QUAL_1). We used these variables as proxies for the expected demand for the respective employee categories. We expect a positive effect for the high-educated and the middle-qualified employees (upper secondary education-level) and a negative effect for the low-qualified employees. In addition, we also use a dummy variable for the shortage of highqualified personnel (SHORT). We assume that if there is a shortage of high-qualified employees, this would have a positive effect on the propensity to train apprentices. Further, for two points of time there is additional information on firm-funded further training available (dummy variable FTRAIN). Our hypothesis is that firms that are willing to invest in further training of their employees would be also inclined to train apprentices. 
Innovation and technology.
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Firm activity level. We used three variables to cover firm activity level: a variable for the expected demand development (DEMAND); a variable for sales increase (SALES) and a variable for employment increase (EMPL); and a variable indicating if the firm has reached its break-even point with respect to profits (BREAK). All four variables are dummies. We expect a positive effect of these variables.
Market conditions. The competition pressure is measured directly by the two variables 'intensity of price competition' (PCOMP) and 'intensity of non-price competition'
(NPCOMP). A third variable, 'exports yes/no' (EXPORT), measures the competition effect indirectly. As already mentioned, we expect a positive effect for NPCOMP and a negative effect for PCOMP. Export competition could be driven either by price or non-price competition or both of them. Thus, the effect of the variable EXPORT is not a priori clear.
Founder characteristics. For the first period 1996/1997-2000 several individual characteristics of the founders are available. We used two of them in our specification: gender (variable GENDER) and average age (variable AGE) as a proxy of professional experience.
We do not have a priori expectations for GENDER; we expect a positive effect for AGE. 
Specification of a model of labour productivity
For the models of productivity we used the natural logarithm of sales per employee (number of employees measured in full-time equivalents; variable LQ/L) as dependent variable.
The following factors were considered as independent variables in the productivity model (see We expect a positive effect of the three variables CAP, QUAL and R&D and a negative effect of FIN on productivity. We have no a priori expectations with respect to the effect of the training propensity variable. A formal expression of the propensity equation is as follows:
7. Results of the econometric estimations
Testing for selection bias
Between two subsequent surveys some firms disappeared from the market, some other did not want to participate to our survey. If the probability to get an answer depends upon the propensity to train, a selection bias may arise.
In table 5 
Estimates of the training propensity equation
We estimated separate probit models with the binary dependent variable TRP for each of the three cross-sections 2000, 2003 and 2006 (see table 7 ). Each cross-section reflects a further stage in the development of the start-ups. Thus, differences of the results over these three points of time would represent differences of behaviour with respect to training propensity in different development stages, provided that measurement errors are not the reason for these differences.
Cross-section 2000
Three to four years after the firms' foundation, the training propensity appeared to depend on several factors (column 1 to column 4 in table 7).
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Human resources. The firms' skill mix plays an important role for the training propensity in the first years after foundation. We found a statistically significant positive correlation of training propensity with the dummy variable for the one category of high-qualified employees (variable QUAL_3) and a statistically significant negative correlation with the dummy for the low-qualified employees (variable QUAL_1). The coefficients of the other two variables for academics (variable QUAL_4) and middle-educated employees (variable QUAL_2) are not statistically significant. 13 We expected a positive effect also for the variable QUAL_2 that could not be detected in the estimates. According to our survey most of the founders had a tertiary-level education (university education: 42.1%; other tertiary-level education: 20.2%) and only 37.7% were middle-educated persons ('Berufslehre'); see Arvanitis and Marmet 2001, p. 96) . Given the crucial role of the founders also with respect to human resources, it is thus understandable that our result reflects the higher share of high-qualified persons among firm founders. This is an important result that shows that high-educated founders, presumably also middle-educated, are inclined to offer apprentice training. 14 On the contrary, firms with a high share of low-educated employees appear to be less interested in apprentice training.
Moreover, the significantly positive coefficient of the variable SHORT demonstrates that firms are stronger inclined to offer apprentice training when they anticipate a shortage of qualified personnel. The shift from a firm without employees of the category 'other than 12 For the cross-section 2000 no data for the variables FTRAIN, INTER and INTRA were available, thus these three variables are not included in the equation for this cross-section. 13 Due to multicollinearity we had to conduct separate estimates with the different variables for human resources (columns 1 to 3 in table 7). 14 A comparison with the results for a sample of established firms shows that in general there is a strong positive correlation between the training propensity and the share of middle-educated employees (see Arvanitis 2008 ).
13 university tertiary-level education' to a firm with employees of this category is correlated with an increase of 5.1% of the likelihood of offering apprentices (see marginal effects in column 4
corresponding to the estimates in column 1 in table 7). This is the strongest effect for this cross-section (without control variables).
Innovation and technology. Conducting R&D (innovation input) seems to be unrelated to the training propensity. It makes a big difference for training propensity whether new firms are introducing new products or just modified existing ones. For the former case we find a negative correlation, for the latter case a positive correlation with training propensity. A possible explanation for the negative effect of new products could be that new firms that concentrate in product innovation in the first years after foundation depend heavily on highqualified personnel, thus have little scope for apprentice training. On the contrary, improvement of existing products is more compatible with apprentices training. A shift from a firm without modified products to a firm with such products is correlated to an increase of the probability of apprentice training of 4.6%, which is the second-strongest effect for this crosssection (see column 4 in table 7). Market conditions. Neither the intensity of price competition (PCOMP) nor the intensity of non-price competition (NPCOMP) appear to have an effect on the training propensity.
Exporting firms among new firms are less inclined than non-exporting ones to train apprentices. In accordance with the theoretical expectations the negative effect result could be interpreted as a hint that export competition is primarily price competition. But this conclusion would be in contradiction with the well-known fact, that the export advantages of Swiss firms are mostly not price advantages but rather advantages based on better quality and other parameters of non-price competition.
This effect could be also explained by the concentration of scarce management resources of small new firms in expanding activities in foreign markets, thus paying less attention to timeconsuming training matters, especially with respect to apprentices. Thus export activities seem to distract the management attention from training activities, at least in the first years after the firm foundation.
Founder characteristics. Rather unexpected, we find a statistically significant negative coefficient of the variable for the average age of the firm founders (AGE). 15 Younger 14 founders seem to be stronger inclined to training than older ones. An explanation for this effect could be that not the level of professional experience but the educational level of the founders is relevant with respect to training propensity. Younger founder are in general better educated than older ones (see Arvanitis and Marmet 2001) . On the other hand, gender (GENDER) has no significant effect on the probability to train apprentices.
Cross-section 2003
We find no significant effects of the four variables for human resources used in cross-section 2000. However, the coefficient of the variable for further firm-initiated training (FTRAIN) is significantly positive (this is also the case for the next cross-section 2006). This is another important result that shows that investment in human capital is positively correlated with the propensity to train apprentices. The corresponding marginal effect is 5.2%, the strongest effect (together with the effect of the variable DEMAND) for this cross-section. No effect is found also for all four variables for the market conditions. The negative effect of the variable AGE is found also for this cross-section.
On the whole, six to seven years after the firm foundation the model variables appear to explain considerably less of training behaviour than in the previous cross-section.
Cross-section 2006
The positive effect of further training (variable FTRAIN) and the negative effect of founders' age (variable AGE) were found also for this cross-section nine to ten years after the firm foundation. All other variables were statistically insignificant. On the whole, the model variables explain even less of training behaviour than in the cross-section 2003.
Firm size and sector effects
owners, which on the whole were rather low (in 2006, 11.8% of the firms reported an entry of a new owner; 19.5% of the firms reported an exit of a founder; see Marmet 2006) . 16 In the estimates for 2003 we dropped the variable SALES that correlated strongly with the variable BREAK. Secondly, the probability to offer vocational training in firms with more than twenty employees (SIZE_4) is on average 46.1% (2000), 59.3% (2003), and 66.7% (2006) respectively, thus significantly higher than in firms with up to two employees, but only in 2000 higher than that for the other three firm size classes. For the other two thresholds (SIZE_2 and SIZE_3) the results differ from cross-section to cross-section.
For all three cross-sections the coefficient of the dummy variable for the modern services (SECT_2) is significantly negative, indicating that in the sub-sector of the economy with the highest growth rate the training propensity is significantly lower than in all other sectors. The absolute value of the corresponding marginal effect has increased between 2000 and 2006 from 7.2% to 11.3%.
Estimates of the labour productivity equation
We 17 To model TRP, we used the same independent variables as in table 7 (including the variables QUAL_3 and QUAL_4).
As expected, we find a positive effect for LCAP but only for the cross-section 2000. For the other two cross-sections the coefficients of this variable are insignificant. Also the variables QUAL, R&D, and FIN seem to be of no relevance for the productivity of the young firms in our sample. There is a firm size effect, larger firms showing having a higher productivity than smaller ones. For 2000 we find positive effects for the modern services and for the traditional services.
What we are most interested is the effect of the training propensity (TRP) on productivity. We find a statistically significant negative effect for the year 2000 and the year 2003. In 2006 the effect was negative but not statistically significant. This result is in accordance with the findings for a sample of Swiss established firms (see Arvanitis 2008) . Thus, start-ups with an above-average labour productivity show a low propensity to train apprentices. An explanation for this result could be that new firms that have already achieved a high productivity level, presumably by applying more advanced technology and/or having a better organization, assign a significantly lower priority to the task of training apprentices than firms with a low productivity.
Comparison with existing empirical literature
There are only few empirical studies that deal direct with apprenticeship training in start-up companies based on samples of new firms. Two recent studies deal directly with the training behaviour of newly-founded firms.
Baldwin (2000) in a study for Canadian start-ups that were founded in the period [1983] [1984] [1985] [1986] and survived to1993 found that firms that train their employees are more likely to grow, given other things such as innovation and technological capabilities.
The study of Demgenski and Icks (2002) is based on data on start-up companies in business services in Germany that was collected in 2001. The sample used contains not only "greenfield" start-ups, but newly-founded firms in general that were not older than 11 years in 2001.
The authors conducted regression analysis for explaining the firms' training propensity. They found a positive effect with respect to expected higher skill-requirements, but a negative effect of the share of employees with tertiary-level education. No effect could be found for the expected development of employment and for advanced vocational training. As in most studies, there was a positive effect of firm size. With respect to founder characteristics, the qualification level of a company's manager does not seem to be of relevance for the probability to train apprentices. A further finding of the study is that venture start-ups show a higher training propensity than company take-overs. Finally, no effect could be found for firm age. Sassmannshausen and Reinert (2006) also conducted an analysis of the probability to train in young firms. The data was limited to the three German cities Wuppertal, Remscheid and Solingen (all located in the federal state of Nordrhein-Westfalen). Based on bivariate correlation analysis the authors found a positive effect of firm size but no significant effect of the gender of the entrepreneur, the age of the enterprise and the type of start-up ("green-field" foundation or not). Moreover, they showed that past firm performance is more relevant for the decision to train apprentices than expected performance.
A second category of empirical studies deals indirectly only with the training behaviour of new firms that usually are part of a sample of established firms.
In a study based on a panel of Swiss firms in the period 1995-2004 Arvanitis (2008) found that firm age correlates positively with the propensity to train apprentices, which is quite compatible with the results of the present study.
Further, Neubäumer and Bellmann (1999) found in a study based on data for German firmscontrary to their expectations -no significant difference with respect to the propensity of training apprentices between start-ups and established firms. Also in Niederalt (2004) was the coefficient of the dummy variable for start-ups in the estimates for the training propensity of German firms insignificant.
Finally, in a study based on data for Austrian firms Stöger and Winter-Ebner (2001) investigated the determinants of training propensity and training intensity three points of time (1983, 1990, and 1998) . They found a positive effect for firm age and also for firm size both with respect to training propensity and training intensity. They included in their training equations also variables related to the age and gender structure of the employees.
We could not find any studies that investigate the relationship between training propensity and labour productivity of start-ups. Thus, we can compare only with the few existing similar studies for established firms.
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In the already above-mentioned study for Swiss firms Arvanitis (2008) found that a strong negative effect of the propensity of training apprentices on labour productivity. This finding is quite compatible with our finding in the present study. Moreover, they estimated quartile regressions for every firm size class. They could not find a statistically significant contribution of the number of apprentices for 'small' and for 'large' firms for both countries when using the entire sample. For the 'medium-sized' firms they found a negative effect for the German firms (as we also found for the Swiss firms) and an insignificant effect for the French firms. The regressions based on French data for the 1 st , 2 nd and 3 rd quartile respectively showed positive effects, for the 4 th quartile an insignificant effect.
The respective regressions for the German firms showed a negative effect for the 1 st quartile, a positive effect for the 4 th quartile and insignificant effects for the 2 nd and 3 rd quartile respectively. On the whole, the contributions of apprentices to productivity are rather weak for both countries.
Finally, Zwick (2007) in a paper with German firm data studied the influence of the share of apprentice in German firms on the firm profits per employee and found partly a negative effect. In a new study, Mohrenweiser and Zwick (2008) showed that the negative effect of the share of apprentices on firms' profits can be found only in manufacturing occupations but not in trade, commercial, craft and construction occupations, for which this effect is positive.
On the whole, a close comparison with other studies is not possible due to differences either in the composition of the data with respect to industry affiliation or in model specification.
Conclusions
In this study we analyzed, firstly, the determinants of training propensity and how they change with increasing firm age for a cohort of Swiss firms that were founded in 1996/97.
Secondly, we investigated how a firm's training propensity correlated with its labour productivity.
The main results of our estimations are as follows:
(a) Human capital endowment. The skill mix of the employment shows an effect only in the first years after the firm foundation (until 2000) : the share of the employees with tertiary level education (without academics) is positively, the share of low-qualified personnel negatively correlated with the training propensity. For the other two periods, the qualification mix shows no effect. On the other hand, firms that offer further education for their employees are stronger inclined to offer apprentices than firms without further education activities. This is an interesting result showing that a high propensity to offer apprenticeships is embedded in the overall tendency of a firm to improve its human capital. (e) Competitive pressures. We find no effects for the two variables measuring the intensity of price and non-price competition. The export variable has throughout a negative coefficient but this is statistically significant only for the starting period. Export activities seem to distract the management attention from training activities, at least in the first years after the firm foundation.
(e) Founder characteristics. Gender shows no influence at all, age throughout a negative one.
Thus, older firm founders tend to offer less apprenticeships than younger ones, due presumably to the fact that younger founders are better educated than older ones. On the average the training propensity increases with firm age, but it appears that this increase is driven -with the important exception of further education -by structural factors such as firm size and sector affiliation. Note: High-tech manufacturing: chemicals; plastics; machinery; electrical machinery; electronics and instruments; vehicles; low-tech manufacturing: all other manufacturing industries; modern services: banking and insurance; computer services; other business services; traditional services: all other service industries. SHORT Shortage of high-qualified personnel yes/no; the variable is based on the two ordinal variables 'high-qualified personnel is too expensive' and 'high-qualified personnel is too difficult to find'; we calculated the average of the scores for these two variables; then transformed the mean of these two five-level ordinal variables (level1: 'very weak'; level 5: 'very strong') to a binary variable ( Development of a firm's specific product demand in the next two years measured by a five-level ordinal variable (level 1: 'strong decrease'; 5; 'strong increase') referring to the (reference year: survey year); transformation of this variable to a binary variable (value 1: levels 4 and 5; value 0: levels 1, 2 and 3 of the original five-level variable) EMPL Development of employment; dummy variable (1: increase; 0: decrease; no change of the number of employees (number of employees measured in full-time equivalents; reference periods : 1997-1999; 2000-2002; 2003-2005 ) PCOMP Intensity of price competition; transformation of a five-level ordinal variable (level 1: 'very weak'; level 5: 'very strong') to a binary variable (value 1: levels 4 and 5 of the original five-level variable; value 0: levels 1, 2 and 3 of the original variable NPCOMP Intensity of non-price competition; original and transformed variables as for IPC EXPORT Exports yes/no GENDER Gender of the firm founders: male/female ( the most frequently reported gender is regarded as representative for the firm founders; if the number of 'females' equals the number of 'males' we set 'female') AGE Average age of the firm founders LCAP Natural logarithm of the start-up capital FIN Importance of financial obstacles for the firm foundation and/or a firm's further development; the variable is based on six ordinal variables for various categories of financial obstacles; we transformed the mean of these six five-level ordinal variables (level 1: 'very weak'; level 5: 'very strong') to a binary variable (value 1: average value of more than 3; value 0: average value up to and including 3) SIZE_1 to SIZE_4
Dummies for four firm size classes: 3 to 4 employees (SIZE_1); 5 to 10 employees (SIZE_2); 11 to 20 employees (SIZE_3); 21 and more employees (SIZE_4) ( 
